Since GABA A -mediated intracortical inhibition has been shown to underlie plastic changes throughout the lifespan from development to aging, here, the aging motor system was used as a model to analyze the interdependence of plastic alterations within the inhibitory motorcortical network and level of behavioral performance. Double-pulse transcranial magnetic stimulation (dpTMS) was used to examine inhibition by means of short-interval intracortical inhibition (SICI) of the contralateral primary motor cortex in a sample of 64 healthy right-handed human subjects covering a wide range of the adult lifespan (age range 20 -88 years, mean 47.6 Ϯ 20.7, 34 female). SICI was evaluated during resting state and in an event-related condition during movement preparation in a visually triggered simple reaction time task. In a subgroup (N ϭ 23), manual motor performance was tested with tasks of graded dexterous demand.
Introduction
The balanced activation of excitation and inhibition is a crucial prerequisite for effective neuronal processing (Miura et al., 2007; Le Roux et al., 2008) . Alterations in GABA-mediated inhibitory tone are discussed as one major mechanism through which the cell's gain is changed and synaptic integration is modified (Semyanov et al., 2004) . The result is a subsequent change in homeostatic regulation of phasic inhibition of pyramidal cells (Semyanov et al., 2003) , possibly effecting fine-tuning and shaping of neuronal firing (Farrant and Nusser, 2005) . In particular, the reduction of inhibition is important for the modulation of neuronal circuits, and it is hypothesized to present an evolutionary conserved mechanism to augment plastic properties (Baroncelli et al., 2011; Imbrosci and Mittmann, 2011 ). An open question is still unsolved, whether the reduction of inhibition eventually reaches a ceiling, above which it results in functional costs on the systems level. In contrast to rapid short-term changes, a prevailing level of disinhibition could result in a loss of dynamic modulation, accordingly resulting in deficient synchronicity and precision in neuronal firing as shown in single-cell and slice models (Chagnac-Amitai and Connors, 1989; Bacci and Huguenard, 2006; Manseau et al., 2010) and predicted by computational modeling (Vida et al., 2006; Miura et al., 2007) .
The nervous system underlies plastic changes from development to aging, in response to experience, and in disease. Regarding GABAergic neurotransmission, alterations in receptor subunit composition (Caspary et al., 1999; Yu et al., 2006b; Schmidt et al., 2010) and declining neurotransmitter synthesis (Ling et al., 2005) have been found to occur as a function of age in several neocortical structures in animal models. Whereas disease-and age-related reduction of inhibition in the sensory system has been related to deterioration of behavior, such as impaired tactile acuity or diminished visual and auditory signal-to-noise coding Yu et al., 2006a; Hua et al., 2008; David-Jürgens and Dinse, 2010) , the association between reduced GABAergic inhibition and behavioral consequences in the motor domain is less clear (Grachev et al., 2001; Imbrosci and Mittmann, 2011; Stagg et al., 2011) .
The reduction of inhibitory tone is important for rapid experience-dependent plasticity as in motor learning (Floyer-Lea et al., 2006) , its direct relevance for motor performance, however, is still elusive.
Here, the aging motor system was used as a model for plastic alterations of GABAergic inhibition to analyze its behavioral relevance.
Double-pulse transcranial magnetic stimulation (dpTMS) allows noninvasive investigation of inhibitory networks mediated through the GABA A receptor at the level of interneurons within the primary motor cortex (Kujirai et al., 1993; see Materials and Methods) . Whereas resting state is dominated by an inhibitory tone, event-related analyses have shown a task-specific modulation of inhibition in terms of fast short-term release of inhibition before movement onset (Reynolds and Ashby, 1999; Sinclair and Hammond, 2008) .
The question was whether resting-state inhibition is associated with the event-related modulation of inhibition. The underlying hypothesis was that inhibitory networks are altered in the same amount as fast and precise motor behavior if the assumption of a causal relationship was true.
Materials and Methods
Participants. Sixty-four healthy subjects (age range 20 -88 years, average 47.63 Ϯ 20.71 SD, 34 female, all right-handed) gave full written informed consent to participate in the experiment in accordance with the local ethics committee approval. All subjects were right-handed as evaluated with the Edinburgh handedness scale (Oldfield, 1971) . Before the experimental sessions, all participants were screened regarding neurological or psychiatric illness, other medical conditions, and medication intake interfering with the experimental procedures or outcome (Rossi et al., 2009) . Transcranial magnetic stimulation was applied over the primary motor cortex (M1) contralaterally to the first dorsal interosseus (FDI) muscle in 33 cases over the left hemisphere and in 31 cases over the right hemisphere. A subset of the present data was part of previously published control data [total 15: N ϭ 5 (Hummel et al., 2009 ), N ϭ 10 (Heise et al., 2010 ].
Transcranial magnetic stimulation and EMG recording. Sound evidence from pharmacological studies supports the idea that with double-pulse transcranial magnetic stimulation (TMS) of 3 ms interstimulus interval (short-interval intracortical inhibition, SICI), it is possible to investigate inhibitory networks mediated through the GABA A receptor at the level of interneurons within M1 (Kujirai et al., 1993; Ziemann et al., 1996a,b; Hanajima et al., 1998; Di Lazzaro et al., 2000; Fisher et al., 2002; Ilić et al., 2002; Roshan et al., 2003; Di Lazzaro et al., 2005a,b; Muller-Dahlhaus et al., 2008) . However, considering the limits of this method, one has to keep in mind that the GABA A ergic system is influenced by and closely related to other neurotransmitter systems. Methods for resting-state and event-related measurement of SICI have been described in detail previously (Hummel et al., 2009; Heise et al., 2010) .
Behavioral experiment. In a separate session, dexterous manual performance was tested without TMS in a subgroup (N ϭ 23) randomly selected from the original sample. The driving hypothesis in task selection was that fast and precise recruitment of specific motorcortical representations with synchronous inhibition of nonrelevant cortical representations would necessitate maximum inhibitory control (Stinear and Byblow, 2003; Byblow and Stinear, 2006; Beck and Hallett, 2010) .
Since the primary focus was set on motor processing rather than sensory or higher order cognitive processes, the design of the tasks incorporated on the one hand overall low sensory processing demands for the visual stimuli. On the other hand tasks were kept simple with the purpose of avoiding high cognitive load. To differentiate the degree to which motorcortical inhibition contributes to motor functional decline, the experimental conditions were graded according to the demands of the specific stages of sensorimotor processing, i.e., cognitive, premotor, motor processing (Table 1 ). All tasks were chosen as to incorporate FDI muscle activity.
The primary target task was an alternating individual finger-tapping task requiring fast contraction and release of agonist and antagonist muscles of the two different end effectors index and little finger. Alternating finger tapping (2FT) and solitary index finger tapping (1FT) were recorded over 3 ϫ 10 s between GO-and STOP-signal. In both tasks the subjects were instructed to tap as fast and as precise as possible on predefined buttons of a 4-digit keypad. The simple reaction time task (SRT) required an index finger key press on a standard computer keyboard in response to a target stimulus with intertrial intervals jittering between 1 and 7 s. A total of 110 trials were collected per subject and hand.
During the choice-reaction time task (CRT), subjects were asked to respond as fast as possible to a (neutrally pre-cued) target stimulus indicating either a left or a right index finger key press starting from a standardized middle position on a standard keyboard. Intertrial intervals jittered between 1 and 6 s. A total of 90 trials were collected per subject and hand.
Visual cues were provided on a 20 inch computer screen by Presentation software (Neurobehavioral Systems), also used to record response parameters (number of key presses, reaction time, key-press intervals, key selection) for off-line analyses.
For all experiments participants were seated with forearms supported on a table. Hand positioning on the keyboard assured movement of respective fingers only. Any whole hand, wrist, or arm movements were restricted throughout all behavioral experiments. Participants were tested on both sides. In each subject the side contralateral to the respective hemisphere tested with TMS was tested first and exclusively entered into further analyses.
Data processing. EMG-data showing muscle activity before TMS pulses were discarded from further analysis after visual inspection. Motor-evoked potential (MEP) amplitudes were measured peak-topeak. As it is standard practice SICI was normalized to the corresponding unconditioned MEP (SICI ϭ conditioned MEP/unconditioned MEP ϫ 100) at either resting-state (SICI rest ) or respective pre-move time zones (SICI move ).
Behavioral data were processed using a customized automated log file parser to calculate outcome variables (1FT, SRT, CRT: response time for correct key presses, 2FT: number of valid transitions between index and little finger).
Statistical analyses. Student's t test (two-tailed) and one-way ANOVA were used for univariate data analyses regarding between-group differences of stimulus intensities (expressed as percentage of maximum stimulator output, % MSO) and premovement reaction time for HEMISPHERES (dominant, nondominant) and SEX (male, female).
Linear mixed effects modeling (LME) was used for multivariate data analyses of resting-state and event-related TMS data. To estimate variances of random effects, restricted maximum likelihood (REML) criteria were used. Smith et al., 1999; Wassermann, 2002) , as well as stimulus intensities and size of unconditioned MEP amplitude have been discussed as factors that substantially influence measures of cortical excitability and in particular SICI (Kujirai et al., 1993; Hanajima et al., 1998; Sanger et al., 2001; Daskalakis et al., 2002; Ilić et al., 2002; Roshan et al., 2003; Ni et al., 2007; Müller-Dahlhaus et al., 2008; Peurala et al., 2008; Garry and Thomson, 2009; Vucic et al., 2009; Shirota et al., 2010) . Therefore, AGE (continuous), SEX (male/female), HEMISPHERE (left/right), size of unconditioned MEP amplitude [single-pulse MEP (spMEP), continuous], as well as all their possible interactions, were added as fixed factors into the basic model. Starting from this first beyond-optimal model, the final model was selected in a series of models by backward selection, i.e., stepwise discarding of all interactions that did not show effects at the 10% significance level, keeping all main factors in the final model. Furthermore, intercept and spMEP were modeled as random factor on subject level to control for possible effects of unconditioned MEP amplitude size on SICI induction.
In the case of event-related data (SICI move ) the main focus was set on SICI modulation during movement preparation. Therefore, the design involved multiple observations (single trials of unconditioned and conditioned MEPs) within six consecutive time zones during the premovement phase, from early phase (t Ϫ5 ) to late premovement phase (t 0 ), i.e., close to EMG onset. Slope of SICI modulation was fitted as linear trend (TIMEST) and additionally as second-order polynomial, i.e., quadratic trend (TIMEST 2 ) over the premovement phase from t Ϫ5 to t 0 . Hence, the basic model comprised of AGE, HEMISPHERE, SEX, spMEP, TIMEST, TIMEST 2 , and all their possible interactions as fixed factors. To account for individual variations and dependencies among responses grouped within subjects, intercepts and slopes (TIMEST, TIMEST 2 ) were subsequently modeled as random effects on subject level.
To evaluate the possible association between resting-state SICI and individual modulatory capacity of SICI move over the premovement time span, prediction models with significant factors only were built from the final resting-state and event-related models. Subject-specific restingstate SICI levels and event-related SICI modulation (slope) were estimated using best linear unbiased predictors (BLUPs), weighted averages of the estimated population-averaged mean response profile and the subject's observed response profile (Henderson, 1975; Pinheiro and Bates, 2009) , and entered correlation analyses (Pearson, two-sided) .
Behavioral data. All previous analysis steps were replicated for a subgroup of the original sample (N ϭ 23, 9 female, 11 tested with the dominant right hand, 12 with the left hand) to verify the results obtained so far and to compute BLUPs for the subset of data.
For separate analyses of behavioral outcome parameters (1FT, 2FT, SRT, CRT) the same basic model was used including main factors AGE (continuous), HAND (left/right), SEX (male/female) without any interactions but allowing for a random intercept. Since factor AGE was a relevant main effect for all behavioral outcome it was modeled in the prediction models used to compute BLUPs for each of the behavioral parameters. A correlation analysis was used to examine the relationship between SICI and behavior (Pearson, two-sided).
Data transformation was necessary to meet assumption of the central limit theorem. Natural logarithmic transformation (log) sufficiently assured normal distribution of SICI rest and SICI move . In the case of the behavioral data natural logarithmic (1FT) and inverse transformation (SRT and CRT: [1/response time in ms]) were applied. Only 2FT data showed close to normal distribution and required no transformation.
Single trial number was calculated to allow for a data loss of 30%, missing data were not replaced or imputed, neither in outcome nor in independent variable or covariates. Each part of the analysis was on the maximum availabledataset. Data preparation was done using SPSS 19.0 for Macintosh, statistical analyses were performed using the software package R for Statistical Computing version 2.13.1 (2011-07-08, www. r-project.org/) for Mac OS X GUI 1.40-devel Leopard build 64-bit, and package nlme for linear mixed effects modeling (Pinheiro et al., 2011) . Results for LME are given as type III sums of squares for sequentially fitted fixed effects (F, df, p), Wald statistics for marginal parameter estimates (t, df, p, 95% CI), as well as variance component estimates for random effects (variance, SD). Table 2 depicts baseline characteristics and stimulus intensities for the whole group (ALL, N ϭ 64) and for respective subgroups.
Results

Baseline characteristics
Resting-state SICI
A total number of 662 observations were included into the analysis, an average of 10.3 trials per subject was acquired. A main effect of AGE (F (1,59) ϭ 6.08, p Ͻ 0.05) was found (Table 3) . Parameter estimates indicate that SICI rest decreased with every additional year of age, i.e., the average amplitude of the conditioned MEP shows an increase of ϳ1.6% (Fig. 1A) . Furthermore, the size of the unconditioned amplitude, spMEP, significantly influenced SICI rest (F (1,59) ϭ 4.67, p Ͻ 0.05). Parameter estimates show that a 10% increase of spMEP, corresponding to 0.1 increase on the log scale, is associated with a Ϫ0.033 decrease of the log transformed conditioned amplitude, i.e., ϳ3% increase in SICI rest . Neither HEMISPHERE nor SEX significantly affected SICI rest as main effects nor did they significantly modify other effects.
Event-related SICI
A total number of 3936 observations were included into the analysis, on average 10.3 trials were acquired per subject for each time zone. Results for the final model are given in table  Table 4 . SICI move was significantly modulated from early to late pre-move time zone (linear trend, TIMEST), F (1,3869) ϭ 38.27, p Ͻ 0.0001). This means that the conditioned MEP amplitude (SICI move ) increased from early to late premovement time zone on average ϳ35%, corresponding to an increase of 0.301 on the log scale, indicating a release of inhibition (SICI move ) toward movement onset (Fig. 2A) .
Furthermore, there was a significant main effect of the quadratic trend (TIMEST 2 ) on SICI move (F (1,3869) ϭ 4.78, p Ͻ 0.05), indicating that the pattern of SICI move release can be described by a second-order polynomial approximation ('left curve') from t Ϫ5 to t 0 of 1.5% from early to late pre-movement time. AGE alone did not significantly explain SICI move variation ( p Ͼ 0.1). A significant AGE ϫ TIMEST interaction (F (1,3869) ϭ 13.43, p Ͻ 0.001) indicated that AGE was a significant effect modulator for pre-move SICI move modulation. With every additional year of age, the steepness of the linear slope was reduced ϳϪ0.3% (Figs. 2 B, C, 3). SICI move was not influenced by factors SEX ( p Ͼ 0.7), HEMISPHERE ( p Ͼ 0.5), or any of their interactions.
Relation between resting-state and event-related SICI SICI rest was strongly associated with SICI move modulation (r ϭ Ϫ0.71, p Ͻ 0.0001), i.e., the more disinhibition at rest, the shallower was the release of inhibition, hence weaker pre-move modulation of SICI move when corrected for factor AGE (Fig. 4) .
Refitting models for resting-state and event-related SICI in N ‫؍‬ 23 subgroup All of the previous results including the correlation between resting-state and event-related SICI could be reproduced for the randomly selected subgroup (N ϭ 23) of the original sample.
Behavioral data
All behavioral tasks showed a significant AGE effect, most pronounced in CRT. Neither SEX nor HAND significantly influenced performance of behavioral tasks (all p Ͼ 0.1) with one exception, male subjects showed better performance in 2FT. For all models of behavioral outcome, random intercept significantly improved model fit (all BIC change Ͼ2), proving a relevant within-subjectvariance (Table 5) . AGE significantly influenced performance speed in 1FT (F (1,19) ϭ 6.43, p Ͻ 0.05). Estimated group-average of 1FT was Ϫ6 change, i.e., an increase in reaction time of ϳ2.6 ms per additional year of age ( p Ͻ 0.0001).
Correlations between behavior and resting-state SICI
Analyzing the association between behavioral measures and SICI rest revealed a strong correlation between more pronounced SICI rest with better performance in 2FT (r ϭ Ϫ0.57, p Ͻ 0.005), and CRT (Ϫ0.59, p Ͻ 0.003), and a moderate correlation with better performance in SRT (r ϭ Ϫ0.42, p Ͻ 0.05), but not with 1FT (r ϭ 0.34, p Ͼ 0.1).
Correlations between behavior and event-related SICI Pronounced SICI move modulation showed moderate correlation with better performance in 2FT (r ϭ 0.42, p Ͻ 0.05), and 1FT (r ϭ Ϫ0.41, p Ͻ 0.05) and a very strong correlation with better performance in CRT (r ϭ 0.75, p Ͻ 0.001), but not with SRT (r ϭ 0.39, p Ͼ 0.05) (Fig. 5) .
Discussion
The data presented here provide evidence for the existence of a relationship between intracortical inhibition and behavior in terms of dexterous motor performance. It was possible to demonstrate substantial changes in GABA A -mediated inhibition as defined by a significant decrement in resting-state inhibition measured by means of SICI rest with increasing age within a large Figure 2 . A, Observed SICI move modulation from early to late movement preparation (average Ϯ 95% CI) averaged over the whole sample (N ϭ 64). Time zones of movement preparation ranged from early (Ϫ5), indicating ϳ35% of individual reaction time, to late (0), indicating ϳ95% of individual reaction time in approximately equal steps. B, Observed SICI move modulation (average Ϯ 95% CI) depicted for three example age groups: dark blue, young (20 -40 years of age); blue, middle-aged (40 -60 years of age); light blue, old (60 -90 years of age). C, Predicted age-related decrement in SICI move modulation (best linear unbiased predictors for linear slope Ϯ SE) during movement preparation. SICI is presented as conditioned MEP amplitude/unconditioned MEP amplitude ϫ 100 (log transformed). Dashed horizontal line indicates 100% SICI (unconditionedϭ conditioned MEP amplitude on the log scale). sample presenting a wide range of the adult lifespan. Furthermore, this is the first time to show that event-related modulation of GABA A ergic inhibition in terms of a release of inhibition (SICI move ) was drastically reduced in subjects of older age. The level of resting-state inhibition was a significant predictor of eventrelated modulation, i.e., the lower the resting-state inhibition, the weaker was the event-related release of inhibition controlled for factor age. These findings together with the behavioral results of decrements in tasks of graded motor processing load support the hypothesis of the interdependence of diminished GABA Aergic neurotransmission and motor functional decline based on previous data from animal models and computational modeling (Imbrosci and Mittmann, 2011) . Previous studies examining age-effects on GABA A ergic inhibitory neurotransmission using dpTMS mainly focused on resting-state analyses (Peinemann et al., 2001; Kossev et al., 2002; Wassermann, 2002; Oliviero et al., 2006; Smith et al., 2009; McGinley et al., 2010) , however controversial findings allow no clear interpretation at this point in time. Moreover, while only few studies examined event-related SICI (Smyth et al., 2010) even less is known about the influence of factor age on event-related modulation of inhibition in contrast to resting-state levels (Fujiyama et al., 2011 (Fujiyama et al., , 2012 , their interactions and respective effects on dexterous manual motor behavior (McGinley et al., 2010; Marneweck et al., 2011) .
Resting-state inhibition defines general speed of motor response generation
Stronger resting-state inhibition was generally associated with better motor performance. Bearing in mind that the GABA A ergic intracortical inhibitory system is thought to fine-tune and shape neuronal firing (Farrant and Nusser, 2005) , it is suggested that the prevailing disinhibition of the extent found in subjects of old age might negatively impact on the precision and synchronization of action potential timing of the motorcortical excitatory neurons as it has been hypothesized to occur in several neocortical areas during aging (Cobb et al., 1995; Borg-Graham et al., 1998; Galarreta and Hestrin, 1998; Shu et al., 2003; 100Wehr and Zador, 2003; Buzsáki and Draguhn, 2004; Bacci and Huguenard, 2006; Haider et al., 2006; Fuchs et al., 2007; Cardin et al., 2009; Haider and McCormick, 2009; Sohal et al., 2009; Manseau et al., 2010) . Hence, motor processing is impaired, i.e., the phase of response generation is slowed down. This fits well with the previous finding of a specific slowing of response generation at an advanced age (Yordanova (Crossley and Hiscock, 1992; Reuter-Lorenz, 2002 ).
Event-related inhibition is associated with complex motor performance
Stronger event-related modulation of inhibition, however, was correlated with better performance in more complex manual motor tasks. On the one hand, alternating two-finger tapping and choice reaction time tasks both necessitate the precisely timed coordination of inhibition and disinhibition/activation of cortical representations of effector muscles. As in all of the motor tasks analyzed here, the FDI is a main effector muscle and as the electrophysiological measures were recorded within the cortical representation of that muscle (FDI), it is very likely that the changes demonstrated here in GABA A ergic inhibition are specific to the motorcortical representation of the FDI and not due to rather unspecific mechanisms such as surround inhibition of other muscle representations (Beck and Hallett, 2010) .
On the other hand, tasks with higher premotor processing load, i.e., with a warned foreperiod like CRT in the present experiment, have been hypothesized to be particularly susceptible to age-related decline of intracortical inhibitory neurotransmission (Sinclair and Hammond, 2008; Tandonnet et al., 2010; Fujiyama et al., 2012) . During this foreperiod it is assumed that the warning signal induces a priming of the motor representations and additionally precluding premature response execution (Duqué and Ivry, 2009; van de Laar et al., 2012) . CRT performance was found to strongly correlate with SICI move modulation, which would support the hypothesis of the particular importance of GABA A ergic inhibition for premotor processing.
In the CRT the externally triggered response-selection process poses an additional cognitive demand. In the case of 2FT two competing motor responses need to be internally coordinated. It is conceivable that this process requires more cognitive load in addition to more complex motor processing. One might hypothesize that event-related modulation of inhibition indicates the system's efficiency in synaptic integration, which is significantly reduced when the GABA A ergic neurotransmission is weakened (Farrant and Nusser, 2005) . Another explanation might therefore be that higher cognitive processing load requires in general more extensive processing and integration of multiple information before or at the same time as motor response generation depending on intracortical GABA A ergic inhibition.
Finally, a summation of several of these effects, which are susceptible to declining inhibitory neurotransmission, is also a reasonable explanation of the current findings.
Prevailing disinhibition-compensatory mechanism or loss of functionality?
The question remains whether the observed reduction in motorcortical inhibition reflects a mechanism to enhance neuroplasticity as to adapt to the functional constraints of increasing age or whether it marks an age-related disintegrity of the motor system causing functional decline.
Reduced GABA levels during development promote enhanced plastic capacity of nervous system maturation (Meng et al., 2004; Walther et al., 2009; Pinto et al., 2010) . During the process of aging the nervous system needs to perform substantial adaptations to reduced peripheral input (Coq and Xerri, 2000; Godde et al., 2002) as well as diminished muscular-skeletal functioning (Galganski et al., 1993; Eisen et al., 1996; Doherty and Brown, 1997; Desrosiers et al., 1999; Krampe, 2002; Enoka et al., 2003) to maintain integrity of behavior. It is therefore tempting to speculate that the observed reduction in GABA A -mediated resting-state inhibition possibly reflects one underlying mecha- nism aimed at enhancing neuronal plasticity to adapt to the multimodal constraints of increasing age (Caspary et al., 1999; Grachev et al., 2001; Hoekzema et al., 2012) . From this perspective the current observations could be interpreted according to the concept of homeostatic disinhibition compensating for an overall reduced excitatory drive, which has been proposed as a mechanism to recruit additional cognitive reserve during healthy aging (Gleichmann et al., 2011) . However, the current findings give rise to the assumption that these adaptations happen at least in parts at the expense of a loss of modulatory capacity of GABA A ergic neurotransmission. Particularly, the loss of rapid event-related SICI modulation could be interpreted as an indicator of a transition between compensation and loss of function. When resting-state inhibition is weak, the inhibitory motorcortical system in aged subjects might already be beyond the limits of modulatory capacity with a subsequent loss of functionality, leading to reduced precision in different stages of motor processing and loss of efficiency of synaptic integration. The result could be a loss of speed and dexterity as seen in the age-related decline in performance in independent finger movements tested by the present experiments. We suggest that restingstate SICI could reflect to some extent an overall level of inhibitory tone while event-related modulation of SICI rather reflects the capacity for fast synaptic phasic inhibition, both underlying GABA A -mediated intracortical circuits.
Limitations
In accordance with previous data (Sanger et al., 2001; Daskalakis et al., 2002; Ilić et al., 2002; Garry and Thomson, 2009 ), restingstate spMEP was found to significantly influence resting-state SICI induction, i.e., larger spMEP amplitudes leading to stronger inhibition at rest, even though the strategy in this experiment was to adjust for 1 mV spMEP amplitudes. However, no effect of spMEP was found for event-related SICI modulation. Although several previous studies indicated that factors hemisphere (Rossini et al., 1992; Sale and Semmler, 2005; Smith et al., 2009) and sex (Smith et al., 1999; Wassermann, 2002) potentially influence SICI and possibly interact with age-effects, these results could not be confirmed here. Moreover, previous TMS studies examining effects of aging show considerable variation regarding Figure 5 . Correlations between behavioral parameters and resting-state inhibition (top row), and event-related modulation of inhibition (bottom row). Overall, stronger resting-state inhibition correlated with overall better manual performance. Stronger event-related modulation of inhibition, expressed as linear slope, was associated with better performance in tasks with higher dexterous demands, i.e., higher motor processing load such as 2FT and CRT.
important methodological aspects; these are (1) age group selection (on average younger participants and narrower age range), (2) stimulus parameters (intensities, interstimulus intervals), (3) technical equipment (coil shape, stimulus waveform), and (4) target muscle selection (Peinemann et al., 2001; Kossev et al., 2002; Wassermann, 2002; Oliviero et al., 2006; Smith et al., 2009; McGinley et al., 2010; Marneweck et al., 2011) .
Conclusion
Resting-state GABA A -mediated inhibition was found to be a significant predictor for the capacity of event-related modulation both of which clearly correlating with dexterous motor performance. Therefore, a causal interdependence might be suggested, which needs to be further verified in future work particularly regarding directionality. Of special interest would be to define the turning point at which compensation leads to loss of functionality. It would be interesting if short-term perturbations of the inhibitory tone are possible and whether they could provoke changes in modulatory capacity and at the same time lead to alterations of motor behavior.
